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Gkoup. Species.

SCARAB.EID/E. Ollitis alcxis.

Onlli oplia/jus gcaclla.

Gymnoplcurus smarag-
dinus.

Onitieellus militaris.

IIeteromeha. Praogcna fcstiva.

Carauuj.k. Antlim thoracka.

,, massilurda
(only eateu when
offered piecemeal).

LoNGicoRNiA. Ceroi^lesis fallax.

Size and Appearance.

Medium ; brown elytra and
legs, iridescent green thorax
iiml head.

Sniallisli ; similar colouring to

above.

Small ; iridescent gi'een, blue,

or red.

Small
;

probably when fresh

iridescent dark -green with
orange markings.

Medium ; almost black with
purplish iridescent reflec-

tions on elytra, bluish on
thorax.

Large ; black, white spot on
thorax and white margin to

elytra. Huge mandibles.
Large ; black with pale mar-

gin to elytra. Huge man-
dibles.

Large ; black, yellow-banded,
Cantharid type.

22. The Chief Conspicuous Specially-Defended
Groups in the Coleoptera inferred from
G. A. K. Marshall's Experiments. A Compari-
son BETWEENColeoptera and Lepidoptera in

this Respect. (E. B. P.)

It is of great interest to attempt to conclude from the

results of the experiments on the palatability of conspicu-

ous Coleoptera contained in this memoir, and from
previously recorded observations and experiments on the

same order of insects, what are the chief specially defended
groups which may be considered to stand in the same
])osition towards their allies as the Ithoniiimv, Danain.v,

HeliconiniB and Acnvinx i\o to the rest of the Rhopalocera,

and the Agaristidx, tSyntomidic, Zygienidie, etc., do to the

rest of the Heterocera.

The chief memoirs upon which the conclusions stated

below have been based are published in the Transactions

of the Entomological Society of London. They are the

papers by Mr. C. J. Gahan (1891, p. 367), by Mr. H.
Donisthorpe (1901, p. 845), and the Presidential Address of

Cnnon W. W. Fowler, Jan. 15, 1902 (Pioc. 1901, p. xxxiii).

I have also had the opportunity of reading the manu-
script of an important paper by Mr. R. Siielford on mimicry
in Bornean insects, now being published by the Zoological
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Society of London, and of arranging an abstract which is

printed in the Report of the British Association at Bradford,

1900, p. 795.

But, above all, I wish to express my thanks to Mr. C. J.

Gahan and Mr. G. A. K. Marshall for their kind advice and

assistance in the attempt to arrive at sound conclusions.

The groups about which there seems to be no doubt at

all —conspicuous, constantly refused by insect-eaters, and

liable to be mimicked by other Coleoptera —are the

following :

—

1. Erotylid^. Very apt to enter into conspicuous

combinations which are doubtless synaposematic with

o.ther beetles.

2. CocciNELLiD.E. Greatly mimicked by other beetles

and insects of other orders. Very commonly form synapo-

sematic assemblages (see p. 520).

3. MalacodermiDtE, including the Lycinfe, Lampyrinx,
and Tehphorinx. Greatly mimicked by beetles of other

families, and also by insects of other Orders (see jDp. 515-

518).

4. Melyrid^e. Some of the species convergent towards

Lycinai and Telcphorime ; others characterized by the

possession of thoracic glands, which are exserted when the

insect is irritated.

5. Cantharid^. Undoubtedly a distasteful group

with conspicuous warning coloration. Some of the species

are synaposematic with other beetles, and with Aculeate

Hymenoptera (see pp. 516-518 and 525-527), while

others afford models for mimicry and synaposematic

approach (pp. 518, 519).

6. CHRYSOMELlDyE. The sub-families, Galerucina} and
Hispinx are especially largely mimicked by other beetles,

and fall into synaposematic combinations. The C'hrysomc-

linie, EumolpincV, etc., also enter into combinations which

are doubtless Mullerian (synaposematic). The Mcgalopinx,

however, may be mimetic (pseudaposematic) rather than

synaposematic.

Concerning the last-named family, Mr. Gahan writes to

me, March 3, 1902 :—
" In reference to my previous paper on Diabrotica

[Trans. Ent. Soc. Lond., 1891, p. 367], there are a few

facts since published in a paper by F. M. Webster * On the

probable origin, development, and diffusion of North
American species of Diabrotica.'
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" ' The fact that several species of this genus are literally

swarming over large areas of country, and their habits are

such as to expose them almost continually during the

adult stage to attacks of birds, while in all of the investi-

gations of the food of birds they rarely appear, has raised

tiie question of their being inedible.'

" Webster gives also a cjuotation from Bates' ' Naturalist

on River Amazon,' which I had overlooked:

—

"
' The Eumolpidaj and Galerucidae were much more

numerous than the Chlamydes and Lamprosomas, although

being also leaf-eaters, and having neither the disguised

appearance of the one nor the hard integuments of the

other ; but many of them secrete a foul li(|Uor when
handled, which may perhaps serve the same purpose of

passive defence.'
"

There are two other groups which may eventually be
placed beside the six families named above.

Endomychid.E. Mr. Shclfurd's experiments show that

several of the Bornean species are most distasteful. They
are abundant and extremely conspicuous ; they form
synaposematic groups, es2)ecially with the Uroft/IiiLv, and
there is one beautiful example of mimetic resemblance to

an Endomychid model by a Bornean Longicorn. The style

of colouring in the family suggests that it contains

Mlillerian groups (see also p. 522).

PviiOCHROlD.i':. The colourinfj and habits su'j'ijest that

these Coleoptera are highly distasteful ; they may even

belong to the first rank in this respect.

Wenow pass to a Coleopterous family which may with

more probability be placed beside the Hi/psuLv or Ckalco-

siin/i', undoubtedly distasteful groups of moths which
nevertheless are exceedingly apt to display MuUcrian
resemblances to other presumably still more strongly-

protected Lepidoptera. In such synaposematic combin-

ations tljey appear perhaps invariably to take the patterns

and colours of others, rather than impress the stamp of

their own likeness on the assemblage.

Clerid.e. These beetles are, like the above-named
moths, most apt to take on the appearance of still more
distasteful allies, such as the Lyciiuv, the GantliariiUr, the

Galcnccin.'i', and, in the genus Allochotcs, the CoccincUidiV.

They are great mimics of Mutillidaiy and less commonly of

ants. Mr. Shclford has come across one beautiful examjjle

of the mimicry of common Bornean Clerids of the genus
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LcDiidia, by a Longicorn of the genus Daphisia. The
common mimicry of MatillidiV may be due to an original

body-form, size, and colouring, which rendered the resem-

blance to such models peculiarly easy and rapid of attain-

ment by selective means. GlcridX' also occasionally

possess Avarning colours of their own. Examples are

found in the genus Lcmidia mentioned above, and in an
abundant, bright-red, strongly-smelling South African

species of a genus which is probably new. The latter was
rejected by insect-eating animals (see p. 344).

We now come to four groups which the experiments

here recorded show to be at any rate partially distasteful.

They are often very conspicuous, sometimes from an

aposematic colouring peculiar to themselves, sometimes

from their sluggish movements and size, and the manner
in which they expose themselves or move freely in the

open. They are, however, not as a rule mimicked by
other beetles, and they do not largely enter into synapo-

sematic association with the most distasteful Coleoptera.

ScARAB.ElD.E. The diurual South African species are all

conspicuous, and freely expose themselves. Their colours,

black, green, or coppery, are all conspicuous against the

ground on which they are always found. The largest

South African species {Scarahxus fcmonilis) adopts a

warning attitude when it is disturbed. Many of the

species were evidently distasteful to insect-eaters. It is

possible that their special defence is due to the nature of

their food.

Cetoniid.e. The majority of South African species,

including all the larger species, are conspicuous on flowers

or exuding gum. They freely take wing in sunshine, but

are quite sluggish in cloudy weather. Their colours vary

greatly, but very conspicuous and contrasted tints are often

present. Many of the species were found to be unpalatable.

Tenebrionid^. Mostly dull browns and blacks, gener-

ally diurnal, terrestrial, and slow-moving. Several species

proved to be distasteful.

LAGRllDiE. The South African species are often iri-

descent green or i^urplish, many brown or black. They
are abundant and very sluggish ; they freely expose them-
selves in conspicuous positions on leaves, and have a

strong smell. Although but few experiments were made,
it is probable that the whole group is distastefal.

The case of the Longicornia is peculiarly interesting.
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They may be considered as parallel to the Nymphcdinas
among Rhopalocera. In both we have a great preponder-

ance of species with cryptic habits and colouring, while

genera mimetic of the most distasteful groups of their

respective Orders are also common. In some of these

examples the mimicry is almost certainly MllUerian, as in

the case of Ncptis and Limcnitis among the NymjihaHntV

and Cymatura and Ocro^j/cszs among Longicorns. Further-

more, the Chjtinx, and CallichrominiG have been shown by
Mr. Shelford to be mimicked in Borneo on a large scale by
other Longicorns, although the former tend strongly to

mimic Aculcates in nearly all parts of the world. Simi-

larly, there is good reason for thinking that the genera

Neptis and Limcnilis, which may be mimetic, are also

themselves mimicked by other Nyinplialinx, etc.

There remain the remarkable cases of the CicindelidiB,

CarabidiV, and CurcuHo7iidx., which are probably without any
strict analogy in the Lepidoptera. The two former require

special mention, the last-named are treated separately on

pp. 522-525.

CiCiNDELID^. These Coleoptera supply models for

mimicry by a Locustid in Borneo, and Mr. Shelford also

considers that one of them is mimicked by a fly. They
are also known to be mimicked by Longicorns. Many
South African Cieinddidm are convergent towards, or

mimetic of, CarahidiV, especially those of the latter which
are themselves convergent towards Ahitd/iiL-c (see pp. 511-

515). Some of the species have a peculiar scent. On the

other hand, their swift movements and retiring habits are

inconsistent with a high form of special protection.

CarabidyE. Mimicked in Borneo by a Locustid.

Probably more strongly defended by the possession of

anal glands than arc the CirindcIidiV, and in the com-
binations between the two families it is seen that the

latter have approached the former, rather than vice versa.

Certain groups of Carahid/c form pseud- or synaposematic
combinations with the Galcrucin/v and also with the

MutillidiV. The South African smaller and moderate-
sized diurnal species have habits very similar to the

CiclnddidcV, but are not so swift. They commonly pos-

sess directive marks indicating the specially- protected

anal region. The largest South African species {Anthia)

have a very large charge of the defensive secretion and
extremely powerful mandibles. They Ireely expose them-
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selves, and are most conspicuous, often possessing a

highly-characteristic warning pattern. They adopt special

warning attitudes, and do not run away when they are

attacked (see p. 510).

These two families may be perhaps compared to the

powerful group of the hawks, which are mimicked by the

feeble cuckoos, and yet, when attacked, are themselves

swift in fliffht, but can render a wood account of themselves

when active defence becomes necessary.

23. Experimental Evidence of the Value of the
Terrifying Markings in Chosrocampa Larv.e.

(G. A. K. M.)

Salishury, April 16, 1899. —I offered baboons a full-grown

larva (about seven inches long) of Clueroccimpa osiris. The
larva is remarkably snake-like, the general colouring some-

what recalling that of the common puff-adder {Bitis ctric-

tans). The female baboon ran forward expecting a tit-bit,

but when she saw what I had brought she flicked it out of

my hand on to the ground, at the same time jumping
back suspiciously ; she tlien approached it very cautiously,

and after peering carefully at it from the distance of

about a foot, she withdrew in alarm, being clearly much
impressed by the large blue eye-like markings. The male

baboon, which has a much more nervous temperament,

had meanwhile remained at a distance surveying the

proceedings, so I picked up the caterpillar and brought

it towards them, but they would not let me approach, and

kept running away round and round their pole, so I threw

the insect at them. Their fright was ludicrous to see

;

with loud cries they jumped aside and clambered up the

pole as fast as they could go, into their box, where they

sat peering over the edge watching the uncanny object

below. After a while the female seemed inclined to descend

to investio^ate matters ag-ain, but owin^ to the manner in

which they had entangled their ropes she could not descend

without the male, and he very emphatically refused to

move. On concealing the larva I managed to coax them
down again, and then seizing the rope to which the male

was tied, I drew him slowly towards me holding up the

larva in the other hand ; he simply screamed in abject

terror, so I let him go, and they retired to their box. The
whole performance was a most remarkable demonstration

of the high value of the terrifying colours in these larvse.


